Purpose: Idiopathic infantile nystagmus is associated with reduced visual acuity. Recent work has linked extraocular muscle surgery to improvements in visual acuity through childhood but no work has reported long-term secular trends in visual acuity in infantile nystagmus. Our aim is to describe visual acuity changes for children and adolescents with idiopathic infantile nystagmus to allow comparison for future interventional studies.
I
nfantile nystagmus is an involuntary oscillation of the eyes, 1 which is generally conjugate, horizontal, and present by 6 months of age. It can be idiopathic or associated with other ocular conditions such as albinism, aniridia, congenital cataract, or optic atrophy.
1 Decreased visual acuity is common in infantile nystagmus, 2 which may be due to an inability to maintain normal fixation or foveation, or the effects of conditions that affect the integrity of the visual pathway in general (such as in albinism or congenital cataract). In idiopathic infantile nystagmus, there is no clear pathology in the visual pathway. 3 In the context of reduced vision due to nystagmus, children may adopt an abnormal head posture to maximize visual acuity 4 by increasing time in the null zone, where oscillation intensity is at its nadir.
1
Recent studies on the treatment of nystagmus suggest that extraocular muscle surgery improves subjective vision (though not necessarily objective visual acuity) by reducing nystagmus, improving target acquisition, and broadening the null zone, [5] [6] [7] though some controversy exists as to whether the postoperative improvement in visual acuity is due to changes in foveation or nystagmus waveform.
3 El Kamshoushy's study 8 did not demonstrate improvements in within-subject visual acuity using the Kestenbaum-Andersen procedure, though 4-muscle recession led to a visual acuity improvement of 0.07 logarithm of the minimum angle of resolution (logMAR) and improved optotype recognition time. However, Jones and colleagues 9 found that decreasing foveation period did not decrease visual acuity, with strong inter-(between individuals) but poor intraclass (within an individual) correlations between foveation and visual acuity. Other studies have shown visual acuity in children with infantile nystagmus syndromes improves with time alone, independent of any therapy, though these studies are limited in their duration of follow-up. 10, 11 There is limited evidence as to whether this improvement continues through childhood and adolescence, and to our knowledge no recorded data exists documenting the trend of improvement in visual acuity using Snellen optotypes, a common clinical evaluation of visual acuity. The aim of this investigation is to describe changes in binocular Snellen visual acuity through childhood (until the age of 18) in patients with a diagnosis of idiopathic infantile nystagmus.
materials and methods
A retrospective chart review was carried out for all patients aged less than 18 years and diagnosed with idiopathic infantile nystagmus attending our center between April 1983 and December 2015. We included patients diagnosed with idiopathic nystagmus before 6 months of age, who had at least 2 binocular best corrected visual acuity (BCVA) measurements using a Snellen chart over a total follow-up of at least 1 year, allowing for preferred head posture as assessed by an ophthalmologist. Where a patient was followed for more than 1 year, we included BCVA for all visits, some of which may have been less than 1 year apart. Best corrected visual acuity was assessed by either an orthoptist or ophthalmologist and was converted into logMAR acuity. 12 Other data obtained included the following: whether the patient had optical correction prescribed (though we did not have data about glasses compliance), the presence of amblyopia, and any history of eye surgery. We excluded patients who had any form of eye surgery, to exclude any interference this intervention might have on the natural history, and we excluded patients with conditions such as albinism, aniridia, or congenital cataract. Visual acuity as a © 2017 Asia-Pacific Academy of Ophthalmology function of age was modelled using mixed-models linear regression, which allows for repeated measures within subjects over time. To maintain linearity, age was logarithmically transformed. Random intercepts were set for each patient and random slopes for age. Intraclass correlations were calculated for the regression models and interclass correlations between BCVA and age. Student t test was used to compare means between groups. Statistical analyses were carried out using Stata 12.0. Patients assented and parents consented to the chart review, which was conducted in accordance with the Declaration of Helsinki.
results
The chart review identified 43 records, of whom 13 (30.2%) were female and 30 (69.8%) were male. Demographic and clinical characteristic information is presented in Table 1 . There was 1 set of siblings (2 brothers) in the cohort. There was no difference between the sexes in age (P = 0.40) or BCVA at baseline (P = 0.19). Mean (SD) follow-up time was 3.57 (3.31) years with a median (interquartile range; IQR) of 2.59 (1.00-5.49) years. There was a mean (SD) of 4.6 (3.09) clinic visits, with a median (IQR) of 4 (2-6) visits.
Binocular BCVA improved at a rate of −0.16 logMAR/log year of age (P < 0.001), an improvement of 0.05 logMAR (half a Snellen line) as the age doubles. This is shown in Figure 1 . Males had a similar change in BCVA [β = −0.18; P < 0.001 or 0.06 logMAR (3 Snellen letters) improvement as the age doubles]. Best corrected visual acuity also improved for females [β = −0.12; P = 0.001 or 0.04 logMAR (2 Snellen letters) improvement as the age doubles]. Intraclass correlation was 0.95. Interclass correlation between BCVA and age was significant (r = −0.24; P < 0.001).
discussion
In this work, we provide evidence demonstrating a gradual improvement in visual acuity with increasing age in children and adolescents with idiopathic infantile nystagmus. Importantly, this provides a reference against which interventional studies in older children and adolescents can be compared and adds to our knowledge of the natural history of this condition. Binocular visual acuity gradually improved. Although it is not clear to what extent this is a definite improvement in vision quality, an objective improvement in BCVA is likely to translate to a subjective one.
Work by Weiss and Kelly 11 in 57 patients with infantile nystagmus showed visual acuity improvements in patients with this condition parallel normal subjects but were reduced overall. Their work was in children younger than our cohort and used Teller acuity cards so though we cannot compare our results directly, we do observe similar trends of improvement in our cohort. Our results are also concordant with those of Fu and colleagues, 10 who also observed an improvement in visual acuity with increasing age in their retrospective study of 214 patients (124 of whom had infantile nystagmus). They used a variety of acuity tests in younger patients and identified an etiology-dependent pattern of improvement, with more improvement observed in idiopathic infantile nystagmus and less in albinism.
10 In our study, there was a strong intraclass correlation between individuals' BCVA, indicating most variation is between individuals, and a strong interclass correlation between BCVA and age between individuals.
With older children, our data provides a baseline for comparison for long-term, prospective studies. Our cohort is the largest reported using a single acuity measurement tool. We note that Snellen charts are nonlinear and have fewer optotypes at the larger end of their acuity range, but they are a widely used tool for measuring visual acuity in clinical practice and the findings are therefore clinically relevant. Using 1 visual acuity method allowed for greater comparability between subjects when compared with other studies. 9, 10 The retrospective nature of our study is a limitation and highlights the need for prospective cohorts to identify other factors and possible interventions to improve visual acuity. Differing length of follow-up may limit the findings of this study, as older children could be expected to be more compliant with BCVA assessment and more familiar with visual acuity testing with repeated follow-up, though given the separation of follow-up assessments it is unlikely that familiarity with visual acuity assessment would bias results, but it cannot be excluded as a potential bias. The duration of management would also be a factor that may bias our findings, as differing durations of followup, changes in management, and compliance could affect BCVA at each time point. Additionally, though visual acuity measurement alone in infantile nystagmus has been suggested to be an inadequate measure of overall visual function, 13 in routine clinic settings such as ours it is not possible to measure more complex outcomes such as waveforms or foveation period.
In conclusion, we described progressive BCVA improvements with increasing age in our retrospective cohort of children and adolescents with idiopathic infantile nystagmus. With less than 1 logMAR line (approximately half a Snellen line) of improvement with each doubling of age, there is a natural history of gradual improvement in BCVA in this cohort of patients with infantile nystagmus over time.
